
 

Research finds water quality in Gulf of
Mexico improves when adding social costs to
carbon emissions

October 17 2023

  
 

  

Evaluation using four coupled models to relate carbon pricing to nitrate export to
the Gulf of Mexico. (A: Left) Integrated modeling framework. The ENVISAGE
global economic model determines the change in agricultural input prices due to
climate policy. These price changes feed into the SIMPLE-G-US-CS gridded
economic model of corn–soy production which has been calibrated to capture
the yield responses to changes in nitrogen fertilizer applications estimated using
the Agro-IBIS agroecosystem model. When confronted with these input price
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changes, farmers alter their fertilizer usage, thereby changing nitrogen leachate.
Nitrogen leachate is routed through the Mississippi River Basin hydrologic
system into the Gulf of Mexico using the WBM hydrological model. Imposed
policies are depicted in white or black boxes, and uncertainties in key model
parameters characterized by sensitivity analyses are listed in gray boxes (Table
1). (B: Right) Spatial distribution of the relative changes of key factors including
crop output (top maps), nitrogen fertilizer applied (Middle), and fraction of
nitrate flux ultimately entering the Gulf (Bottom). Callouts identify points in the
modeling framework where each factor is calculated. Inset values for each map
provide the basin-wide average value for each depicted variable (blue), and the
total change for basin export in black. (C: Top) Nonlinear response between
fertilizer application rate with crop yield and nitrate leachate below the root zone
represented, respectively, by Gompertz and quadratic functions. Callout
identifies the grid cell location of this example response. Credit: Proceedings of
the National Academy of Sciences (2023). DOI: 10.1073/pnas.2302087120

U.S. Climate policies can offer options for putting climate change
efforts into place that solve environmental problems like excessive
carbon dioxide in the atmosphere created by greenhouse gas emissions.
Research led by the University of New Hampshire took a closer look at
what would happen to agriculture if there was an extra cost, or so-called
social cost, added to fossil fuels, which are essential for making fertilizer
used in farming.

They found that while CO2 emissions would decline by as much as 50%,
the cost of fertilizer would rise leading to a significant benefit on water
quality by lessening fertilizer runoff contributing to the Gulf of Mexico's
dead zone—a low-oxygen area that struggles with harmful algal blooms
that threatens marine life.

"Excessive fertilizer use creates a growing number of water quality
concerns so we wanted to explore the consequences of applying a social
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cost to fossil fuel prices which should reduce fertilizer use and decrease
the amount of runoff going into the Mississippi River Basin and on to
the Gulf of Mexico, an important fishery in the U.S.," said Shan
Zuidema, research scientist at UNH's Earth System Research Center and
lead author.

"Our models showed that with this climate policy, U.S. carbon emissions
could significantly decline but we could also see about a 3% to 4%
reduction of the Gulf of Mexico dead zone in an average year."

In the study, published in the journal Proceedings of the National
Academy of Sciences (PNAS), researchers from UNH, Purdue University
and the University of Wisconsin-Madison used four different models
that looked at various factors making up the world economy.

They focused on data from the global economy, U.S. agricultural
economies, agroecology and hydrology/water quality to capture the
impacts of the climate change mitigation policy on agriculture and the
resulting water quality co-benefits. They analyzed a policy that would
assign a range of social costs to fossil fuel-based CO2 emissions. The
policy would raise energy costs and increase the price of nitrogen
fertilizer production.

The researchers then considered three different levels of social costs
applied to the fossil fuel and found at the highest carbon price the cost
of nitrogen fertilizer could rise by roughly 90%. This could lead to
upwards of a 16% decline in fertilizer application for corn production
across the Mississippi River Basin and a roughly 9% decline in fertilizer
loss to the environment.

Corn and soybean production would decline by about 7%, increasing
crop prices by 6%, while nitrate leaching would decline by about 10%.
Nitrates entering the environment are removed in various ways as they
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move through the watershed, so the decline in nitrogen leaving the
watershed at the mouth of the Mississippi River was somewhat less
(roughly a 9% reduction).

"Implementing a carbon price that reflects its social cost allows the U.S.
to meet its commitment to the Paris Accord while significantly
improving water quality," said Tom Hertel, professor of agricultural
economics at Purdue University and project principal investigator. "Our
models showed that with this range of climate policies, U.S. carbon
emissions could decline by 29% to 50%, depending on the stringency of
the carbon pricing. This represents 4.6% to 8% of global carbon
emissions and satisfies the range of reductions outlined in the Paris
Accord."

Researchers also considered the additional benefits of restored wetlands
to mitigate nitrogen loading to reduce hypoxia in the Gulf of Mexico and
found a targeted wetland restoration scenario approximately doubles the
effect of a low to moderate social cost of carbon.

The team hopes these findings provide important context for policy
makers to consider all aspects of climate mitigation, as well as for those
that want to consider alternatives for reducing contamination to the Gulf
of Mexico.

  More information: Shan Zuidema et al, US climate policy yields
water quality cobenefits in the Mississippi Basin and Gulf of Mexico, 
Proceedings of the National Academy of Sciences (2023). DOI:
10.1073/pnas.2302087120
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